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.

T.HESTRUCTUFCi AND PROPXRT13S OF PARAC-HUTE CLOTEM.

By H. J. licl~icholasand A. F. Hedrick.

Abstract

The requisite properties of apsxachute cloth are discussed

and the methods for measuring these properties described. In

addition to the structural analysis of the cloths, the proper-

ties measured are weight, brealing strength, tesx resistance,

elasticity, and air permeability. Thirty-six silk cloths of

domestic manufacture, not previously used in paxachute oonstruc-
●

tion, are compared with some silk cloths of foreign manufacture

4 which have been proved by trial and extended use to be suitable

materials for parachute construction.

.
Contra-y to the belief that domestic woven cloths were not

suitable materials for parac’nute construction, it is shown that

many doiiestic silk claths are available which in all their

properties are entirely satisfactory and ifisome respects supe.

rior to the foreign products.

Based on a comparative study of all the cloths, specific%

tions

using

tions
P

tests

●

are drawn fox the manufacture of silk parachute cloth~:

either the plain or the mock leno weave. These specifica-,

have been accepted by the Navy Department, and service

on full-sized parachutes made with the domestic woven

.-

—



N.A.C.A. Technical Note No. 335 2

cloths have demonstrated the suitability of the specified mate–

rials.

The apparatus and methods employed and the information here-

in obtained are being applied in the development of a parachute

cloth woven with some home–grown fiber

.

1. Requisite Properties of a

such as cotton.

Parachute Cloth

Along with the size, shape, and other aerod.ynamical

teristics of a parachute, the physical properties of the

ch~ ac-

cloth
-.

used in its construction are of considerable importance in their

relation to the performance under the various conditions of

service.

As in all aeronautical materials, weight and ultimate

strength are of paramount importance. A determination of the

stresses in different regions of the psxachute envelope is in-

herently difficult and calculated results are somewhat uncertain,

Calculations by Mazer (Reference 1) indicate that the cloth is

norm@ly not subjected to excessive stress; yet it is realized

that the maximum tensions may vary considerably with variations

in the shape of the envelope, with lccal deformations, and in

the region of the points of attachment. A slight deterioration

of the thin cloth may decrease in strength considerably. For

these reasons the strength .requirements in p~achute cloths are.

.
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fairly high value, in order to insure a wide mmgin

of safety.
.

AS part of the strer@h requirements the cloth rfl~stoffer ._

a high resistance to the continuation of a tear already sta-ted.

Whereas breaking strength always applies to the s~~ult~eo~s ‘

bresking of a system of yarns, the te-” resistance is the re–

sistance principally of one yaxn at a time to a rupture travel-

ing crosswise from yaxn to

achute the gores or panels

the w~ and filling yarns

from the center to the hem

yarn. In the construction of a par–

are usually cut on the bias, so that

make an angle with the seams running __

of the paxachute. In this way, if

a tear is started, it follows along the direction of a yam to

the seam where the resistance is sufficient to prevent further

rupture. Thus long rips which might run from center to hem of .-

the parachute are prevented.

Other desirable characteristics of a parachute cloth are

determined chiefly by its elastic properties. The psxachute now

universally used is the pack–on–aviator type with manually op-

erated rip cord. Sefore use it is carefully folded and held

compressed in a suitable container. .Its quick and positive op–

.ening, wher~released from the container, is deemed to depend

largely on the ability of the layers of cloth to spring ap=t —

along the folds, thus permitting air to rush in and quickly in-

. flate the envelope. The degree to which a given cloth exhibits “ ,

this desired property depends on its elastic reaction under
D
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.

flexure. A low permanent set in the folded cloth and a high po-

tential. energy of deformation (resilience) are both desirable

propertied=.

The falling paachute opens with a snap followed by a sudden

change in the momentum of the system. This change is the result

of the impact of air against the parachute envelope with sudden

rise in the pressme difference between the under and upper sur-

faces. We have

Ft =MVL-MV2

where the right-h-d member of the equation is the change in mo-

mentum, and the left-hand member is the product of the impulsive

force, or ~lshock,11by the time during which it acts. It has been

stated by lk.zer (Reference 1, page 13) that the nagnitude of the

opening shock depends chiefly on the shape of the paxachute, on

the speed with which it opens, and on the speed of the airplme.

Definite information is apparently not available regarding the

relative importance of some other factors which may contribute

appreciably to the reduction of the shock. Obviously, the shock

is small when t in the above equation is large; and t de-

pends vezy much on the elasticity of the system as a whole, in-

cluding that of the surrounding medium. The time lag in the

establishment of the maximum pressure difference between the

under and upper sides of the envelope, and in the formation of

the steaiy flight conditions of air flow 33out the envelope, re-

sults in CLcushioning action which reduces the m~itude of the
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shock. Some of the kinetic energy of the falling paxachute is

transformed into kinetic and potential energy of the surrounding

inedium. The effect will depend largely on the geometrical. form i

and construction of the envelope. Furthermore, as the pressuce

difference and air flow axe being established, tensions are set

up in the parachute structure with resulting stretch of the ma-

terials. The stretching of the cloth (and shroud lines) tends

to distribute the sudden load more uniformly over the envelope

and requires the elapse of a short time interval before the .

maximum load is taken up. Thus, the elasticity of the cloth

may not only assist in the reduction of the opening shock, but

it also tends to prevent the development of excessive st~esses —

in any region of the envelope. The expansion of the whole en-

velope is augmented by the springy action

made flexible and capable of considerable

Leakage of air through the cloth has

of the vent, which is

extension under load.

slso been regarded

as a factor in the reduction of the opening shock, as well as in

the determination of the velocity of steady descent. In regaxd

to the latter effect, some experiments to be described defi-

nitely indicate that the leakage, or air permeability of the

cloth has, within a wide range of permeability, a negligible

effect on the velocity of steady descent. This velocity is

primarily a function of the size ami shape of the envelope. It

seems possible, however, that the leakage may appreciably re-

tard the development, sad decrease the maximum value, of the
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pressure difference between opposite sides of the envelope, thus

ziding to some degree in the reduction of the ●shock.

The change in kinetic energy following the opening of the

paxachute reappears largely as potential energy of strain in

the system. Tests have shown (Reference 2) that an ordinary

service par~chute is sometimes subjected to a shock load of

more than 2000 pounds, which may be taken up by the parachute

a time interval of less than 1 second (-Reference 3). .It is

probable that the time involved in the reaction of the various

elastic forces, and the correspondi~~ capacities for energy ab–

sorption, are also pertinent matters for consideration.

In the present status of tie parachute problem it is not
.

definitely determined to what degree each of the above-discussed. .—

, properties of the cloth contributes to the proper performance

of the parachute. There is no adequate theoretical or eqeri–

mental basis for the accurate definition of the limits of tol-

erance permissible in a specification of the physical proper-

ties. In a consideration of these problems it is evident that

more reliance must be placed on methodical experiments and suc-

cessive trials than on calculations. The .accura.tejudgment of

the value of any particular materiil entering into the con-

struction of the parachute may involve numerous tests and ex-

pensive experimentation. Little progress in this direction has .

been :ilade.

Properties of the cloth which may be determined readily aid
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are most likely of impostmce in their relation to the perform- .

r~iceof the parachute, are as follows:

1. Weight

2. Strength

(a) Breaking strength

(b) Tear ~esistance

3. Elastic properties

(a)

(b)

4. Air

Tension - stretch relation

Recovery from flexure. Permanent set and
resilience.

permeability

=j--* Purpose and Scope of the Present Investigation

At the “oeginni~~ of this investigation it was the consen-

sus of opinion in.aeronautical circles that donestic woven cloths

were not suitable for parachute construction. All the cloths

used were of foreign mmufacture. Inasauch as the life of the ~

aviator may depend on the faultless performance of the para-

chute, there was naturally a reluctance to depart from estab-

lished usage in this respect. A: the request of the Bureau of

Aeronautics, Navy Department, the %reau of Standards undertook

the development of specifications for a silk parachute cloth

which could be readily manufactured in this country and would

compare favorably with the foreign product in all the requisite

.—

—
,.

physical properties.

.
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As C basis for the development

8

of tentative specifications,

a study was nade of the degree to which the requisite properties

were exhihited by the cloth which had “oeenproved by trial and

extended use to be suitable m.tericls for pti-achute construction.

With this approximate specification of the physical properties,
—

thirty-six different silk cloths of doixestic manufacture were

excmined to ascertain as nearly as possible their suitability

for parachute construction. It will be shown that domestic woven

fcbrics c.rezvtilable which a-e entirely satisfactory and in

some ~espects superior to the foreign product.

AS z raw na.teri~l for the construction of parachute cloths,

. silk exfi.ibitsto a higher degree than other natural fibers Pll

the desirable properties. Its greatest disadvmtcge lies in the
●

zmtter of cost and in the availability of the rw materials.

Although several atte:aptshave been zmiie to cultivate the silk

T.-rormin tkis country, the high labor costs involved in haiidling

the cocoon have prevented the rapid advrr.ceaent of the industry.

The iaethods

plied. (~ith

cloth woven

za entii-ely

thnt cotton

ities. The
.

report.

of measurement to be described herein are being crp-

some improvements) in the development of a suitable

froin a home-grown fiber, thus obtaining eventually

domestic product. It has been found, for instance,

may be treated to enhance some.of the desired qud- ..

progress of this work will be given in a future



.

N.A.C.A. Technicfl Xote No. 335 9

111. Description of Clot~and T~eir Construction

The acterifls studied, with their co~structiona~ featu~es,

are listed in the accompanying table. Sample A is the Japa-

nese Habutai cloth which has been generally used in parachutes

of the U.S. Air Services. Sam@e B is material taken from a

lfGuardim Aiigell[parachute (foreign cloth). Samples c and D

are iioaesticwoven cloths used for repairing the Navy parachutes.

Tnese foul materials, then, give some indication of the requi-

site properties of a parachute cloth. Although used with a cer- .

tain degree of satisfaction, they have been regmded as possess– -

ing certain ‘weaknesses wherein improvement could probably be

made. Samples A and B have a rather low breaking strength in

the warp direction, and sales C and D have a low way-p

stretch. Up to the time of this investigation the remaining

samples had never been used in parachute construction; they

were subiifiittedby various domestic ?zanufacturers in the interest

of the present investigation. In this connection appreciation

is e~ressed for the cooperation of the Eelding Mills; Cheney

BYotkers; the Duplan S~lk Cor~oration; Follmer, Clogg and COmpa–

ny; Julius Kayser and Company; the Russell Parachute Company;

Schwaxtzenbach, Huber and Company; and also for the assistance

of the Bureau of Foreibm and Donestic Commerce, and the Bureau

of Aeronautics in obtaining these cloths.

Five different weaves are represented in the group. The

.
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plain ‘weaveis the simplest type of weave wherein each yarn

&oes alternately over and under the cross yarn. The cross-

3arred weave is the plain weave with a cross-bar effect intro-

duced by extra.heavy y~xns spaced about 1 inch both in the warp

and in the filling directions. The mxp–knit cloth differs

from the ordinaxy knit in tb.at it is made from a series of yarns

forming a warp and knitted in such a way that these yarns run

lengthwise in the fcimic,

cloth run crosswise. The

so bound together that it

whqreas the ysrns

cloth is actually

cannot ravel from

stitc;l”. In the xock leno* weave the center

-—

in the amdinary

a series of chains,

a &-opped or broken

yarn of each group

of t’hreeymns goes over three cross yarns and under one; where-
.

as t-hetwo outer y~ns of each group go under one and over one

, as in the plain weave. The pattern is

warp ends and six filling picks rmd is

thus complete in six

symaetricd with respect

to the w= and filling directions. Er.ch group of three y~ns

is woven close to the next without being separated by small in-

terveili~~ spaces, as is done in some mock leno weaves by leav-

ing r.certr.innumber of dents empty in the loom when an open

effect is desired. The letter ‘1211in the tr.bleindicztes the

origir.g mock leno weave, cad vcrciations ~e denoted by letters

IIbllto lie.II A photomicrograph of the moak,leno weave, closely ..

woven for pcwachute use, is shown in FiWe 2.
*This verve hr.s so-metixes been referred to erroneously as a bas—
ket wcr.ve.. Even the term*’i~odifiedbasket ver.ve’f is ‘mesleding.
It is essentially the mock leno weave which has been
used in the manufacture of cotton dress goods, men!s

. curtains, imitation gauze, etc.

extensively
shirts,
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The procedure folicwed in the enalysis of the cloth struc–

ture is described in U.S. Government General Specifications

No. 345-a. It is found that a uniformly low twist is used in

all the cloths tested, both in the biading of the individual

silk filaments in the single thread and in the binding together —

of the t.h-cads in the yaxn. Only enough twist is used, appar- —

ently, to keep the yszns from separating into the component

filsnents. The size of each single thread is given in the table

and expressed in terms of a definite length of thread (denier

measure). It was not considered necessary to extend the yam

analysis to all the cloths.

deguaaed silk. To estimate

was rewoved, 25 per cent of

All measurements were made on the

the weight of silk before the gum

the given weight should be added.

The degixfiing of the silk, and in general, the absence of ~Y

weighting or sizing, improves the quality of the material espe–

cially with respect to the elastic properties.

IV. Keasurernent of Physical Properties

The ~~ethods e;ployed in the determination of weight, break

ing strength, teax resistance and stretch, are standard test

procedures used by the Bureau of Standaxds in the general test-

ing of all kinds of cloths. Special methods have been devised

for measuring the ai~ permeability and elastic properties under

flexuxe. All tests were made on material having a normal moist-
.

ure content, abtained by proper exposure to atmospheric condi-

.
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tions of 65 per cent relative humidity and 70°F.

12

In weight

with a die and

then expressed

l.l? eight

determinations a sample 2 inches square is cut

weighed on an analytical balance. The weight is

in ounces per square yaxd.

2. Strength

(a) 3reakinE strength.- Rectangular specimens-, approximate-

ly S by 1-1/4 inches, are cut with the long edge either in the

wa,rpor in the filling direction, as desired. The specimens

are then frayed to exactly 1 inch in width.

An inclination–balance type of testing machine is e~loyed,

having an autographic recording device which plots the tensicm-

stretch curve up to the breaking point. ,The specimen is clamped

between the jaws of the machine, which are each 3 inches in

width and are initially separated by a distance of 3 inches (in–

itial length of specimen under stress). When the machine is in

operation the lower or pulling jaw moves at a uniform speed of

12 inches per minute (under no load), and the rising arm of the

pendulum applies an

breaks.

In the case of

increasing tension in the cloth until it

three cloths, which were knitted instead of

—

4

voven and consequently could not be frayed at the ed@s, the

llgrabllaethod of test was employed.. In this method the opera–
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tion of the machine is the sme as described above. The test

procedure differs only in the aethod of mounting the specimen.

The spcci~en is 6 inches long and 4 inches wide. The width of

the back jaw of each set of jaws is 3 inches, as before, but

the ~idth of the front jaw of each set is now only 1 inch. Al–

though the load is thus applied only over a l-inch width of the

specinen, there is a certain amount of ‘~clothassistanceil con-

tributed by the remainder of the specimen.

Ten warp tests and ten filling tests were made on each sam–

pie. The average breaking load per inch width of specimen is

recorded in the table.

(b] Tear resistance.- In the measurement of teax resist-

ance the specimens are cut as shown in Figure 1, with the long

edge either in the warp or in the filling direction, as desired.

A slit approximately 3/8 inch in len@h is cut in the specimen

at the point S. With the jaws of the testing machine horizon–

tal and separated by a distsnce of 1 inch, the test specimen is

clamped on the diagonds AB and AIBIP The left-hand edge of

the specimen is thus held taut between the jaws, but the renain-

ing portion lays in folds. As the jaws of the nachine are sep-

arated, then, with the customary speed of 12 inches per minute,

the tear continues from the initial slit horizontally across

the specimen.

The test is made on a sensitive autographic breaking
.

B
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strength ‘fi.ach.ine,rith the pawls of the pendtilum fastened up

so tliat the pendulum is free to move up or down in accordcmce

Yriththe load required to continue t-hetear. The automatic

—

record of this v~”ying load is given on a chcrt attached to the

machine. Five tests were made across the waxp system of yarns

and the s~e quaber across the filling yarns. The average re- —

sista.nce of each sample is recorded in the table.

3. z las tic Properties

(a) Stretch--- The stretch is recorded in the test for
—

breaking strength, by means of the autographic device previously

described. The stretch at any tension up to the breaking load

may be read directly from the chart. Inasmuch

is not proportional to the load applied, it is

conp~~e t:hevalues at some definite load. The

as the stretch

convenient to

maximum stretch -.

at the breaking load is perhaps not a fair means of comparison,

because the cloth in service is not usually subjected to such

extre:le conditions. A

more representative of

this load, in both the

corded in the table.

load of 20 pounds was chosen as being

actual service conditions. The stretch at —

warp and the filling directions, is re-

(b) Recovery under flexure.- In the following measurements

it is only intended to simulate roughly actual service condi–

tions in which a parachute is folded ark compressed in a contain-



.
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.
er and tlienreleased for use. With the release

the folds spring apart, peraitt ing air to enter

folds and rapidly inflate the envelope.

The device eaployeii is shown in ?igure 3.

cloth F is placed upon a

raised or lowered by ‘deans

its vcrticol position read

horizontal platform,

of ~ rack-and-pinion

on a suitable scale.

of the fold bears against the circular weight

is .5/8inch in diameter and hangs freely from

Under the iaitisl conditions of the test, the

15

of the parachute

between the

A fold of the

which may be

arrangement and

The upper part —

holder C, which

the balance am D.

weight holder is

‘mlanced by the counterpoise, m.d its under surface is just in

contact rith the fold of the cloth. A load- is applied by aoving

the rider R or by adding weights to the holder: thus destroy-

ing the balmce of the arm. B~rraising the platform, then, the

radius of tilefold is decreased until the balance of forces is

again restored. The v~-ious heights of the platform are record–

ed as definite increments of load ~-e added until the fold is

bent flat on itself. Heights are then reaoved, again in defi-

nite steps, and the degree of return of

state is recorded. A uniform proce&re

ing was employed for Sl_lthe specimens.

the fold to its initial

in loading and unload–

The stand~”d size of sample adopted is a rectangular strip ..

9 inches long and 3 inches wide, the long edge being cut in ei-

ther the wsxp or the filling direction. The fold is carefully

formed by layirg the s~eci”menon the platform and bringing it



.
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.

.

.

<

back on itself until the ends are even. The specimen is adjust–

ed with tie center of the fold approximately under the center

of the mei~ht h-older.

Soae illustrative &ta obtained in this way are given in

Figure 4. Two silk cloths, one a plain weave and the other a

sock leno veave, are chosen to represent the maximum vaxiation

among the silks. Comparative data =-e also given on a cotton

cloth of a~proxi.mately the same weight and yarn count. only..

the parts of the compression and return curves between loads of

O and 2.2 grams are pzesented in the fig-we, although the load-

ing :?rocess was continued until the fold was flat on itself.

The >lain weave cloth (Curve B B!) shows a 67 per cent recovery

from the compression. The mock leno weave cloth (Curve C Cl)

sho17s a 61 per cent recovery, whereas the recovery of the cotton

cloth is only 40 per cent. It may be noted that at retuxn loads

down to approximately 0.6 gram the force tending to open the

cotton fdd is compara’~le with that of the silks; but there is

a considerable permanent set in the cotton yarns which prevents

a return to the original form proportionate to that shown by

the silks. The potential energy of strain, or resilience, of

the deformed cloth is represented by the area under the return

curve. In general the aniaal fibers aiiemore elastic and pli-

able than.the vegetable fibers. Thus silk and wool are easily

bent under a stiallload and recover “readily, whereas cotton is

stiff, requiri~m a greater load to bend it ~G remaining creased

.—

.
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Mhen the load is removed.

The apparatus descxibed was assembled from

ly at lmnd. It is not applied in this work for

17

parts convenient– .

differentiating

definitely between various silk cloths, or for use in specifying

tie elastic properties. Iaproved equipment for these purposes

is plailn-ed. Owi~~ to the inherent and characteristic elasticity

of silk, all the silk cloths herein compared
t

isfactory in this respect fo2 parachute use.

of this test are included in the ta-Me. The

aze presumably sat-

Hence no results

app=atus has served

a useful pu-pose as an aid in the development of a suitable par-
●

achute cloth woven from cotton yarn. Relations which may be

obtained between the lozd, deformation, and permanent set, furn-

ish c basis for comparing in different cloths the effect of var–

ious chemical treatments and other factors which may prove of

interest. The ib<lity to recover from long–continued flexure is

TJSO a desirable characteristic of parachute cloths which nay be

investigated in like manner. Again silk leads the other nzturzl -u

fibers in tk.isrespect.

4.Air P e r me ab i 1 i t y

The apparatus used for the air permeability measurements is

shown in Figure 5. Air from the compressed air line L passes

through.,the gas ~leter K into the box A, and thence through

the specimen which is mounted over an opening S in the top

wall of t~e box. 13y“aeans of an az”r~-ement of clamps. and spring
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balances (sot shown in the figure), the speci.nen is held over .-

the opening under a tension of a~proximately 0.2 lb. per sq.in.,

both in the warp and in the filling directions. An armular– -.

shaped r,etd plate, held by the clamps c1 ad. C2, yresses the ._

cloth Lently zgainst the e&~e of the opening, thus forming sn

approximately air-tight junction between the cloth and the box.

To keea the flow of air through the system &lw~-s within the

capacity of the gas meter (600 cu.ft. per hr.), the diameter of

the outlet z~aybe changed from 6 inches to 2 inches, as required.

The ~ressure take-off. P is mounted just below the edge —

of the 6-inch outlet and i.sconaected directly to a water aanom-

eter. A cathetometer K is used to read the water level in the

;lano”aetertube G. The cross section of the reservoir W is

so lar:e in com~arison with

tions in the water level of

After a steady flow of

that of the tube G that the vaxia–

this reser~oir are negligible.

air at a chosen pressure difference

has 3een established, the rate of flow is determined by readings

.
01 tie gas ~eter and a stop watch. The air ~ermeability at the

~iven pzessu-e difference is expressed in cubic feet per minute

per square foot azea of the specimen. For permeability values

gl”eater tti-~30, the 2-inch opening was used. The iileasureaeilts _

were made over a pressure r~e (in Box A) of from 0.1 to 5.0

pounds per square foot.

Dr.taon samples A, C, S, ~ad Q are shown in i’i~me 6. .-

Tae hi~h pertilee.bilityof sm@e Q is the result of its porous
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construct ion. Curves for samples E, D, E, F, G, .1, J, K, L, 1!,

K, O, aid W if plotted, would lie between the curves for sam-

ples A and C; curves for samples U, V, X, ad Y would lie

only slightly above the curve for sample A.

Air permeability, as above defined, may depend not only on

the press~we difference between both sides of the cloth, but

ilso on the absolute pressuxe (or density) on either side. In

the present apparatus the pressure on the emergent side of the

cloth is that of the surrcmnding atmosphere and is considered

constmt. As shown by the curves in 3’igure 6, the permeability —

.is not strictly ~roportional to the yressure difference. Hence,

for convenience in the comparison of the different cloths, onlY
.

the permeability for a pressure difference of 1 pound per

foot is recorded in the table.

Although the conditions under which the permeability

squ~e

is

herein aeasu-ed rxe not strictly comparable with actual service

conditions, the results, nevertheless, provide ~ adequate con-

pzrison of the different cloths with respect to the degree of

porosity in their structti-e. In a direct application of the n-&-

merical results to any phase of ~arachute performance, these

differences ‘rouldperhaps demand further consideration. —-

.

.



.

.

.

.

.

.

20N.A. C.A. Technical Gote No. 335

v. Discussion of Dc.ta

Specifications for Pnzchute Cloth

A coapcxison of the structure end,properties of the cloths

brings out several points of interest.

As mzy be e~ected, the heavier cloths in general exhibit

.7.hi~~l~r bre~i~i streiigth, although the latter property is also

dependent on the quality of the fiber, on the type of weave, r~d

on other constructional features such as relative size, count

:~.dtwist of the warp rmd filling Yarns. Cloths weighing more

th~a 2 ounces per square yad are considered unnecessarily heavy

for p~~~.chute use, because sufficient strength cm. readily be

obtr.incd in the lighter cloths.

T~e effect of weave on the tear resistance is graphically

illustrated in I’igme 7. For samples having the sme breaking .-

strength, the te~- resistance of the sock leno weave is fax

above that of the plain weave. Only cloths woven with yarns of

uniform size are included in this comparison; for the presence

of nm extra heavy ymxn, for exrmple, at definite intervals in

the cloth, would considerably increase the

ante and the effect would be confused with

the weave.

average tear resist-

the true effect of

All cloths have ‘been assigned to groups in accordance with

their estiaated suitability for parachute use. In Group I are

included the cloths A, E, C, and”D previously used in p=a-
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chute construction. The cloths in Group II are considered too

hea.vy. Those ia Group 111 have a breaking strength below 40

pounds per inch, either in the wsxp or in the filling direction,

or both, antiare for

however, in the case

‘oreakir< st~ength is

this reason discarded.

of sanples 2B and 2K.

low, their high filling

Exception is made,

Although their J?-

strength nakes thew

appez&- at least as satisfactory as saaple A. In Group IV are

cloths of low elasticity, having z stretch of less than 5 per

cent .ukler a load of 20 pounds. In Group V the air permeability

is so high that these cloths would undoubtedly be umatisfacto-

ry for tti.isreason alone. All rezmining cloths exe placed in

Group VI and ~-e considered suitable materirls for parachute

construction. The l~ge nunber of cloths thus obtained, all coa- __

pari~~ favorably with the Jc.panese Habutai silk (sample A),

shows conclusively thc,ta s~tisfactory materiel can be woven

in donestic mills.

Cczefti comparison of all the cloths with respect to breo,k– --

ing strength, te~

ticity between the

iority of the mock

resist~ce, md bclcnce in strength and elas—

warp aiid filling directions, shows the super–

leno weave cloths over the.imported and other

domestic mr.teritis. Specifications were accordingly drawn for

the construction of two cloths, one using the mock leno weave

rnd the ot~er the plain weave. These specifications* were based
x~~cteri~ Syecificc.tion for Silk p~-achute Cloth.. Revised edi-
tion C-37, fiecember 11, 1928. Copies of the specification nay
be obtained by ~.pplicction to the Eluxeau of Aeronautics, Na~

r Department, Wr.shingtonj D. C.
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on the measured properties of all the cloths and have been ac–

cepted by the Navy Deportment.

The essential elements of the specifications m-e as follows

(as per revision of December 11, 1928):

(1)

shd.1 be

grade of

The material used in the manufacture of the cloths

a natural unble~checi white Japan, or the equivalent

China or Italian silk. Only one grade, known as firsts

may be used in either the plain or the mock leno weav’e (called

also the modified basket weave. See footnote, page 10). The

cloth shall be thoroughly boiled to remove gums and greases and

there shall be no sizing or weighting materisls of any descrip-

tion present in the finished cloth. Excessive heating must not

be applied in

shall ‘oefree

durability.

(2) The

the finishing process, and in general the cloth

from all imperfections affecting its strength or

weight per square yard of the finished cloth shall

be 1.55 ounces for the plain weave and 1.70 ounces for the mock

leno weave, with a tolerance of f10 per cent in each case.

(3) The yarns per inch in the warp and filling directions

shall be 120 and 90, respectively, for the plafi weave> with

corresponding values of 96 and 105 for the mock leno weave. A

tolerance of ~10 per cent is allowed for each of the counts.

(4) The minimum breaking strength in pounds per inch width

shall he the same in the warp and filling directions. The per–

mitted values axe 45 pounds for the plain weave and 53 pounds
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.

.

for the mock leno weave.

(5) The minimum tear resistance in the warp and filling

directions shall be 3 and 5 pounds, respectively, for the plain

weave, vith corresponding values of 7 and 9 for the mock leno

weave.

Other properties of the cloth are not specified. The pre-

scribed zlethods for maMng the physical tests are essentially

the s~e as described in Section IV of this paper. 1

Service tests were made on full-sized parachutes construct-

ed of the mock leno weave (smple 5) cloth. A 2o0-pound lead

weight was used in these tests, which were conducted by the

Bureau of Aeronautics, ‘Navy Department, at the Naval Air Station,

Anacostia, D. C., on March 23, 1927. The tests included &cops

of 600 feet, at flying speeds of 60, 80, and 100 miles per hour.

The parachutes withstood all the tests successfully snd the ve-

locity of descent was comparable with that of parachutes of the “

same t-me made of the Japanese Habutai cloth.

It may be noted (see table) that sample S has about twice

the air permeability of sample A. The service tests showed,

however, that the rate of descent of the parachutes constructed

of these cloths is approximately the szyne. It thus appears that

a considerable vaiation in the air permeability is permissible

without appreciably affecting the velocity of steady descent.

.. .This conclusion is in agreement with some laboratory tests by

Jones and Williams (Reference 4). These investigators conducted
.
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wind-tunnel experiments with pl~ne models of the same size and

shape (6–inch circular plates) but made of materials varying

wi”dely in the porosity of their structme. Tin, longcloth, mus– r

lin cmd silk (doped and undoped) were tried with no appreciable

differences ~iong the various materials in the ‘Idx.a.glffor ~ir

speeds up to 60 feet per second.

The further development and refinement of the parachute in-

volves problems which are essentially aerodynamical. The manu-

f?.ct-~~eof suitable cloths for the envelope will progress on a

more intelligent basis with more definite knowledge of the requi-

site properties of the cloth. The development of uniform and

accurate specifications is of particular concern to the cloth

mcanufacturer, who is obliged to supply materials with properties

limited by the specifications. At present these specifications

are not the sae in the different Air Services, although. each

service uses the same type of para~hute. The active cooperation

of all interested parties would be advantageous in a methodical

study of the perfo~msnce of parachute, using different experi-

mental cloths in their construction. In conjunction with full-

scale observations in the field, valuable information undoubtedly

would accrue from well-designed experiments witn models in the

wind tunnel. To gain needed information on the requisite prop-

erties of the cloth, some work along this line would indeed seem

. imperative.

Bureau of Standards,. Washington, D: Cl. ..
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TABLE I. Structu-e and Properties of Parachute Cloths

A
B
c!

8
F
G
H

:
K
L
M

ll!
P
Q
R

:
u
v
w

:

2:
2B
2C
2D
2E
2F
2G
2H
21
2J
2K
2L
2M
2N

~ Weight
Wea.ve \ OZ+ per

,t sq~yd.

plain t
11 I

I
!!

!

II
~

II

11 i
1! i1
[! I
II

!f

II

II

II

11

n

Wmap knit
II II
11 II

mock leno - a
11 1!

serge
11

pl;in

! cross-barred

I plain
11

~ mock Ieno – a
I II II
i
I mock leno - I
I plain
~ frockleno – c
! mock leno - d
I mock leno - e

i mock leno - c
II IIt

1;45
1.~6
1.53
1.63
2.58
1.29
1.64
2.09
2.71
2.~3
2.%3
2.6~
1.30
1.30
1.50
1.86
1.6?
1.85
1.99
1.84.
1.73
1.92
1.82’
1.86
1.64
1.58
1.53
1.87
1.30
1.~4
1.92
1.91
1.75
1.79
l.y~
1.38

1.66
1.6?
1.52

Yarns
per inch
w F

134 94
115 106
75 IQl
?5 102
96
77 ::
?5 ! 99
?6 86
33 74
94 ! 78
95 ~ :;
“97
141 86
139 92
121 , 91
—. .—

1 ; plain
*Explanation of groups: I. Previously used for paxac

11. Too heavy; 111. Low breaking strength; IV. Low stretch;
V. HiSh air permeability; VI. ~omp~-e satisfactorily with

—

;?

;9

165
112
112”

i4
87
93
92
104

Group*

;
I
I

11
VI
III
II
11
11
11
11
III
111
VI
v
v
v

VI
VI
VI
VI
VI
VI
III

E
VI
~1~
Vr.
VI
?’1
IV
VI
Iv
VI
VI
VI
VI
111

utes:

szmple A. -
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TABLE I (Cont. )

.

.

Structure and Properties of Parachute Cloths.

Fil~e~ts I Threads Twist ~ Denier
Sample per

I
per of yarns of thread

thread yarn Turns (degummed)
Group*

I 1
I 1 per inch

w F w F Y F WIF
1

A 14 20 2 3 092 1*3 14.9 24,5 I
9 16 16 I 215 – - -l– 1

10 10 715 0.1 1.5
;

12.6 ~
14 “14 75 2.3 2.3 11.7 ~

E 10 10 1.0 ~ 9 082 2.3 12.0
10 10 7i6 0.2 2*2 13.6

: 10 10 7i5 0.1 1.4 14.1
H 10 10 I 719 004 2,6 13.9
I 18[ 10 59 0,2 304I 29.0
J 10 10 10 9 0.1 2,8

I
14.?

K 20 I 5 9 3.0 I 28.3
L zo~ 1: \ 519\ g~l i 0.6 ,
H 121 12 ‘ 2,5 ~0.012.O@
N 12 ! 10 3;4 0.1 \ 2.6 ~ 15.1

*See footnote, page 26.
.

13.7
11.8
1008
13.2
14.9
13.8

I
I

11
VI
111
11

I
I

13*4 I 11
14*4 ~1 I
11.?
14.8
14.0
12.6

11
11

111
111

*

.
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TABLE I (Cont. )

Structure and Pro~erties of Parachute Cloths
-——
Breaking
strength

lb.
per inch

.

mperdak<ity
20 lb. load cu.ft. per min. Group*

per cent Iper sq.ft. area ~

Tear
resistance

lb.
Saznple

d for pressure I
difference of I

jj’ ‘r ~ 1 lb. per sq.ft.w F

11.4
8.7
3.4
3.4
8.0
5.4
3..2
5.4

13.3
12.3
9.1
10.4
18.0
6.7

5?::
47.0
38.0
8.0
8.0
8.0
9.0

10.0
11*O
15.9
4.3
7.0
6.0
6.0

“ 6.0
13.0
11.3
4.0
5.0
4.7
8.3
9.4
6.2
6.0

5.4
8.3 I
8.7 I

11.4
9.4 j
8.6
9.2 I
8.6 I

62.9
36.6
24.2

IA
B

:
E
F
G
H
I

;

i
N
o
P
Q
R
s

:
v
w

;

2:
2B
2C
2D
2E
2F
2G
2H
21
2J
2K

%
2X _

39
31
43
57
88
52
44
57
88

101
109
99
25
42
4.4
52
43
55
45
45
42
40
43
43
25
4’2
&

32
45
54
53
58
49
49
49
40
38
58
60
35

67
64
31
57
70
52
38
63
62
76
65
72
33
29
45
41
32
39
69
58
52
48
56
68
41
54
41
65
28
!56
67
67
6i
49
61
51
71
53
57
52

1.8

3;8
4.3
6.0

10:7
7.6

10.2
10.6
7.4
7.2
4.8
4.4
3.4

—

12:9
11.5
7.1
6.6
7.9
4,9
6.6
3.0

4:C

&
A* 3

2:1
3.2
4.9

—
—

7.8
12.0

13;2
11.1
7.9

10.2
7.3
;...

—

9:5
5.7

12.7
8.8
6.5
11.3
7.0
9;0
8.0

5:3

I
I
I57.?

27.7
24.2

11

28,9
19.1

IIT
11

9.9 I 28.5 I 11
9.4 i 29.6 I II
11.5
7.9
9.0
7.3
6.0

91.0
88,0
94.0

M
7.0
9;0
9.0
8.0
4.3
7.7
5*b
6;0

10;0
5.0
8,?
9.7
7:?
9.7
777
7.7
6*6

7,4
8;0

—..—

25.6
27.9
45.5
27.3
34.3.

.
383;5

125:4

68:2
88.3
57.9
69.2
?8.1

VI
111

! IV
i VI

VI
111
VI

i VI
VI
IV
VI
Iv
VI
VI
VI
~;~

111——

●

● *see footnote, page 26.
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Fig.1. Test specimen for tear resistance measurements.
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F@.2 Photomiorograp~o~.themooklsmoweave
cloth,closelywovenforparac~teuse.

a ‘—–
_ .— —.. . . . ...

—---- /.--,.%, —— — -..a.u- . ...--~- .....__ ....__ A:-.===—— --

Fig.3”Apparatus for Investigating the ele.stioproperties under fls?xre. AJbal-
anoe.~,movsble platform,C,foot of weight holder,D,arm of balance.E,rack

and plnion,F,fold of oloth.C$,80ale.R,rider,W,weights.
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